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The establishment of neonatal intensive 
care units and the introduction of methods 
for creating images of the brain have 
allowed examination of the full spectrum 
of intracranial hemorrhage due to 
obstetrical trauma. In this paper the 
clinical and radiological features and the 
surgical considerations in 25 instances 
observed over a seven-year period will be 
reviewed. The children were seen in two 
neonatal intensive care units, one in the 
Brigham and Women’s Hospital, in which 
babies born in that hospital are treated, 
and one in the Children’s Hospital, which 
serves as a regional referral center. It is 
estimated that these serve the requirements 
for intensive care arising from 18-19,000 
births annually. The injuries thus represent 
the fall-out from approximately 130,000 
births, but it is possible that early fatalities 
may not have been counted. 

Maternal features 
The injury occurred during the birth of the 
first baby to 16 mothers, the second to 
seven (one during delivery of the second of 
twins) and two mothers were multiparous. 
Three pregnancies were complicated by 
pre-eclampsia, but in only one case was it 
severe. One mother was extremely obese 
and had lost 1001b, one-third of her weight, 
during pregnancy. Another was on 
diphenylhydantoin. 

Obstetrical features 
In 15 instances the birth was complicated: 
there were four breech deliveries, eight 
difficult forceps deliveries and three 
cesarean sections. Among the last three 
there was one instance of difficulty in 
delivery of the aftercoming head, in 
another forceps had failed, and in the third 
fetal distress was the indication. An arm 
and cord presentation in one case led to 
aversion with resultant clavicular fracture. 

Fetal characteristics 
Seventeen of the 25 were male. Six weighed 
24000g and only one was born 
prematurely weighing 1OOOg. In two 
instances the second of twins was injured. 
Fetal distress leading to  hurried delivery 
was a factor in several cases, including one 
who experienced cardiac arrest due to 
tightening of a knot in the cord during 
delivery. 

Clinical disturbances in the newborn 
The distribution of Apgar scores for 19 
infants is given in Table I. No  
characteristic symptom or group of 
symptoms was found. Symptoms were 
frequently delayed. Seizures and disturb- 
ances of breathing were the most common; 
15 examples of the former and 17 of the 
latter were observed. The respiratory 
symptoms were varied: grunting breathing, 
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apneic episodes (sometimes with brady- 
cardia), increased requirement for 02, 
tachypnea and respiratory arrest were all 
observed. Both hypertonia and hypotonia 
were seen. Facial weakness was observed 
in two children with hemorrhage in the 
posterior fossa. 12th-nerve palsy (probably 
due to traction) occurred once. Poor 
feeding, high-pitched cry, lethargy, 
hypothermia and increased pressure at the 
fontanelle were present in some cases. 
With the exception of facial weakness, the 
symptoms and signs were not of localizing 
value. 

Six babies had cephalhematoma and it 
was in these that the fall in hematocrit was 
most severe, but there was a fall also in 
some with large intracranial hemorrhages. 
One infant suffered necrosis of a large area 
of the scalp because of a severe caput 
succedaneum, and another had an infected 
ulceration of the scalp. 

Disturbance in clotting occurred in four 
infants: thrombocytopenia with petychiae 
in one, elevated partial thromboplastin 
time in another and disseminated 
intravascular coagulation in two. 

Summary of distribution and features of 
hemorrhages 
In two infants the hemorrhage was in the 
frontal parenchyma, with overlying 
subdural hematoma (Fig. IA); in another, 
who seemed to experience pain on 
movement of the neck, there were small 
parenchymal and infratentorial subdural 
hematomas, plus ventricular hemorrhage 
associated with diastasis of the posterior 
intraoccipital synchondrosis. The other 
cases were associated with the tentorium of 
the cerebellum. 

The variety of pathways in which 
tentorial hemorrhage may spread is 
remarkable and has not been fully 
recognized and described. An excrescence 
of clot at the free edge of the tentorium was 
seen six times (Fig. 2). Forward spread into 
the velum interpositum (Figs. 2 and 3), 
with or without actual subarachnoid 
hematoma, is common. 11 instances were 
encountered, and penetration into the 
lateral ventricles, presumably from the tela 
choroidea, accompanied six of these. In 
three other instances ventricular hemor- 
rhage occurred. In one case the forward 
extension involved the central parenchyma 

TABLE I 
Distribution of Apgar scores of 19 infants 

~~ ~ 

Score 
I 2  3 4 5 6 7 8 9 1 0  

N a t l m i n  3 -  2 4 2 -  4 1 3 -  
N a t 5 m i n - -  1 1 3 2 3 2 3 4 

of the brain. Supratentorial subdural 
hemorrhage was seen in 13 infants and in 
none was evacuation required unless the 
parenchyma was involved as well. A large 
posterior hemispheral hematoma with 
ventricular rupture was encountered once 
and it required removal. Hemorrhage into 
the posterior fossa occurred 12 times; in 
four of these the cerebellar parenchyma 
was involved (Fig. 5) ,  once associated with 
one of the eight infratentorial subdural 
hematomas (Figs. 2, 3, 4). 10 children had 
diffuse subarachnoid hemorrhage, suf- 
ficient to be recognized by CT. The 
multiplicity is shown in Table 11. 

Surgical considerations 
Hematomas were evacuated in 10 cases. 
One baby’s large cerebellar parenchymal 
and overlying subdural hemorrhage was 
removed in anticipation of clinical 
deterioration; in the others a deteriorating 
clinical course dictated surgical treatment. 
In seven of the 10 the hematomas were in 
the posterior fossa. 

For one baby continuous ventricular 
drainage was instituted because of 
hydrocephalus associated with hemorrhage 
into the velum interpositum; the child did 
not require a permanent shunt. 

Results 
There were three deaths and each came to 
autopsy. One was from pulmonary 
hemorrhage with a posterior fossa 
subdural hematoma, one was because of 
recurrent cerebellar bleeding due to 
disseminated intravascular coagulation 
and one was because of central 
parenchymal hemorrhage. 

One infant who had suffered severe 
asphyxia remained in a vegetative state, 
with microcephaly. Another experienced 
the onset of seizures at six years of age and 
was found to have a frontal porencephaly 
at the site of the hemorrhage (Fig. 1B). 
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Fig. 1. Cerebral hemorrhage (case Po, Table II). At two days of age this baby had high-pitched cry, seizures, 
opisthotonus. pallor and lethargy. Needle aspirations of hematoma provided clinical relief: 
A (top): CT through hemispheres. ascending from left to right. showing large intracerebral hematoma (h )  and 
separate anterior interhemispheric subdural hematoma (i). 
B (bottom): CTsix  years later shows anterior wedge-shaped porencephafy f rom anterior horn of lateral ventrich 
to surface, and very mild dilatation of ipsitateral lateral ventricle. 

158 

Fig. 2. Tentorial. subtentorial and supratentorial hemorrhage (case BU, Table II). Three hours after birth this 
infant developed grunting breathing, left facial weakness and raised pressure at fontanelle. An hour taler, after 
intubation, there was a catastrophic collapse, with hypotonia and 'agonal' breathing. CT along free margin of 
tentorium and slightly higher, ascending f rom left to right. In left image blood is spread along margin of 
tentorium (t). I n  central image there is excrescence forward and laterally into transverse fissure (e). Blood is alsc 
seen along posterior falx (f) in highest image. Improvement followed evacuation of subtentorial hematoma. This 
child is developing normally. 
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Fig. 3. Posterior fossa hemorrhage, with extension {case Ch. Table II). This 430Og f e m d e  was born by breech 
and had a seizure. There was thrombocytopenia (6000 platelets) and petechial hemorrhages in the skin. T%e child 
recovered and is doing fine. 
A (top): CT, descending left to right from tentorial apex to level of fourth ventricle. There is blood along surface 
of tentorium (t) to its apex and signljicant accumulation on one side of posterior fossa, displacing surface of 
cerebellum (arrows) at level of fourth ventricle. Note (left image) blood extending towards velum interpositum (v) 
and small accumulation in posterior horn (arrow-head). 
B (bottom): CT 10 days after A,  without surgical treatment. Nearly all vestiges of hemorrhage are gone and 
there is no signifcant ventricular dilatation. 

One of the children with cerebellar 
hematoma is now old enough to be 
recognized as clumsy. One baby whose 
hemorrhage was forward into the tectal 
region is now, at age two, able to see, but 
for several months it was thought that he 
might be blind. His pupils are sluggishly 
reactive; he exhibits paralysis of upward 
gaze, with convergence spasm on 
attempted upward gaze. One child has a 
spastic left hemiparesis and hemianopia, 
and has frequent seizures in which she 
stares and is uninterested in her 
surroundings. That child had a recurrent 
hemorrhage at four months of age. Spastic 
diplegia with slow development affect 
another. Three children are dependent on 
shunts, one for reasons considered to be 
other than the trauma. 

Discussion 
The risk factors found by Fedrick and 
Butler (1971) in the study of 212 deaths 
from cerebral birth-trauma in the 1958 
British Mortality Survey included an 
excess of breech and other abnormal 
deliveries (including elective cesarean 
section), and increased duration of labor 
and of length of time the membranes had 
ruptured. They found that pre-eclampsia 
doubled the risk. Some of those features, 
plus the well-known influence of high 
birthweight and primiparity, are shown 
also in this series, recognized by CT scan. 

The central position of the tentorium of 
the cerebellum in the genesis of obstetrical 
subdural hemorrhage was first emphasized 
by Beneke (1910) and there are a number of 
excellent uauers on the subiect. including 155 

Association ATIDE 
Centre de Documentation ARIANE



Fig. 4. Tentorial and posterior-fossa subdural hematoma (case Mo, Table 11). Right-sided seizure was 
followed by episodes of bradycardia. There was a large hematoma of the scalp and falling hematocrit. 
Recovery followed surgical treatment. CT was done twice, with a four-hour interval. Higher level of  
posterior fossa is to the left in each representation. At llam on second day of life there was hemorrhage 
along tentorium (t) and small posterior-fossa hematoma (arrow-heads), and even small accumulations on 
opposite side. Four hours later there was significant increase in volume of posterior- fossa collection. 

Fig. 5. Hemorrhage into cerebellar vermis (case Mu, 
Table II). At birth this 4040g female suffered a 
fractured clavicle. At four days she showed increased 
requirement of 0,, increased PCO,. pallor and 
bradycardia. Right pupil became fixed and pressure 
at fontanelle was elevated. This child is developing 
normally 4% years afrer evacuation of the hematoma. 
A (above): CT from (lef t )  low posterior fossa lo 
apex of tentorium (right). More caudal fourth 
ventricle is visible. There is blood in upper vermis of 
cerebellum (x) and in close relationship with straight 
sinus. There is mild ventricular dilatation. 
B (left): sagittal reformatring dramatizes extent of 
vermis hemorrhage. 

160 
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those of Holland (1922), Chase (1930), 
Rydberg (1932) and Craig (1938). During 
anterior-posterior compression of the 
head, the cranium is both broadened and 
heightened, placing stress on the tentorium 
and falx, thus leading to tears, usually 
involving the free edge of the tentorium, 
either on one side or both. The tear may be 
medially situated or more laterally placed; 
in the former case the hemorrhage tends to 
spill beneath the tentorium or into the 
velum interpositum, and in the latter into 
the supratentorial compartment. Although 
described by Rydberg (1932), the 
relationship of tentorial hemorrhage to 
traumatic subarachnoid and parenchymal 
hemorrhage has not been emphasized in 
the past and its clinical recognition had to 
await the development of the CT scan. 

There is a predisposition to ascribe 
subdural hemorrhage to  venous bleeding, 
and neonatal subdural hematoma is no 
exception (Cushing 1905, Guthkelch 
1953), but the vein of Galen and the 
straight sinus are rarely directly affected in 
tentorial injury. Up to the 1930s, when the 
pathology of tentorial tears was under 
study, the blood supply of the tentorium 
was unknown, and it was speculated that 
small tentorial veins might be responsible 
for the bleeding. It was only after the 
demonstration of hypertrophied tentorial 
arteries by Bernasconi and Cassinari 
(1956) that the arterial supply of the 
tentorium was recognized, and this was 
followed by injection studies of the normal 
vessels by Schniirer and Statten (1963). 
The situation of the medial tentorial 
artery is such that it could hardly avoid 
being divided by lacerations involving the 
free edge. 

The recognition of an arterial source of 
tentorial bleeding clarifies several aspects 
of the process-the force with which some 
parenchymal hemorrhages must occur, the 
frequency in the days of less refined 
obstetrics of surgical shock with subdural 
hematoma, and the fact that some serious 
hematomas in Craig’s experience were 
superimposed on clots several days older; 
and in a number of his cases, too, there 
were early signs and symptoms which 
improved, followed by deterioration and 
death after three to eight days (Craig 1938). 
The onset of catastrophic symptoms after 
approximately four days is well known. 

When milder cases of tentorial hemorrhage 
are recognized by CT scan, the possibility 
of recurrence might be borne in mind. 

The timing of delayed hemorrhage may 
be related to the restoration of arterial 
blood-pressure, which is somewhat 
depressed during the first days after birth 
(Neligan and Smith 1960), and to  the 
increased transmural pressure occasioned 
by the normal lowering of intracranial 
pressure after birth (Welch 1980a). 

In the conventional nosology (Volpe 
1981) a patient is identified with a 
particular kind of hemorrhage, such as 
retrocerebellar subdural hematoma, cer- 
ebellar hemorrhage, supratentorial sub- 
dural hematoma or subarachnoid hemor- 
rhage, which has frequently been identified 
with asphyxia. The present analysis, on the 
other hand, emphasizes the complexity of 
distribution of hemorrhage which may 
occur in one baby. 

A mechanism other than tentorial injury 
has been suggested by Hemsath (1934) as 
being responsible for parenchymal 
cerebellar hemorrhage-forced overriding 
of the posterior intraoccipital synchon- 
drosis during birth, with injury of the 
cerebellum. This mechanism has been 
given support by Wigglesworth and 
Husemeyer (1977) from autopsy studies. 

The preponderance of surgical inter- 
ventions when hemorrhage extends into 
the posterior fossa is because of the small 
volume of that compartment. The 
cerebellum of the term newborn weighs 
only a little more than 20g (Ellis 1920), so a 
hematoma of several ml might be clinically 
important if located below the tentorium, 
but tolerated well if above it. 

Hydrocephalus, mental and neurological 
impairment and seizures have been 
associated with injury at birth (Munro 
1928, Schwartz 1961), and it has been 
emphasized that asphyxia and mechanical 
trauma may be inseparable. The 
hemorrhages reported in this paper have 
the characteristics of a traumatic origin, 
but fetal asphyxia or distress were often 
responsible for the trauma. Among the 
patients in this report the most severe late 
impairment occurred in a baby with rather 
mild hemorrhage but severe asphyxia, and 
a good result was not incompatible with 
severe bleeding. 

We have dealt elsewhere with the 
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question of the connection between 
cerebral birth-injury and hydrocephalus 
(Welch and Strand 1982), a question which 
has two parts: the incidence of 
hydrocephalus after traumatic obstetrical 
hemorrhage, and the contribution of birth 
injury to the problem of hydrocephalus. 
The latter was considered to be high from 
the observation by Fraser and Dott (1922) 
that seven of 21 infants with hydrocephalus 
had a history of birth injury, and these 
were found to have evidence of 
subarachnoid hemorrhage. Granholm and 
Radberg (1963) found a relationship 
between the two, 49 per cent of children 
with communicating hydrocephalus having 
experienced trauma at birth. But for only 
one of 100 children with hydrocephalus in 
our institution could birth injury be 
blamed (Welch 1980b). 

The several autopsy series are 
ambiguous on this point, since in each 
there is a large fraction of cases with 
arachnoidal desmoplasia which might 
have been due to hemorrhage (Dandy 
1921, Ford 1926, Rydberg 1932, Russell 
1949, Gilles and Shillito 1970). It was 
concluded in our earlier study that the 
contribution of birth trauma to the whole 

problem of hydrocephalus is a small one, 
in the neighborhood of 1/40 to  1 A O O  
(Welch and Strand 1982). 

The incidence of hydrocephalus after 
cerebral hemorrhagic birth-injury (if our 
cases are representative) may be between 
1 and 31 per cent, at 95 per cent confidence 
limits, as judged from the binomial 
distribution (Diem and Lentner 1970). This 
would be compatible with the experience 
of Munro (1928), who found five instances 
in the 36 children who survived initial 
hospitalization. It is likely that the early 
recognition and removal of infratentorial 
hematomas may prevent the development 
of hydrocephalus in infants who have 
survived the insult. 

Accepied for  publication 1st July 1985. 
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SUMMARY 
Twenty-five cases of intracranial hemorrhage due to injury at birth, encountered over a seven-year period, 
are presented. CT scans showed many different pathways of spread of tentorial hemorrhage; the likelihood of 
an arterial source is emphasized. Recurrent o r  delayed bleeding was documented twice. Surgical evacuation 
of hematomas was necessary in 10 cases, seven involving hemorrhage into the posterior fossa. There were 
three deaths, one due to pulmonary hemorrhage complicating subtentorial subdural hematoma, another due 
to severe central parenchymal hemorrhage and a third because of postoperative cerebellar hemorrhage due to 
disseminated intravascular coagulation. Three survivors are dependent on  shunts, two because of  the birth 
injury. The outcome for neurological and intellectual function depends more on associated asphyxia than on  
the trauma. 

RESUME 
Himorragie intracranienne iraumaiique de I‘accourhement 
L‘article rapporte 25 cas d’htmorragies intracraniennes likes a une agression i la naissance, observtes sur une 
ptriode de sept ans. Les scanners ont montr6 de nombreux aspects difftrents de diffusion de I’htrnorragie de 
la tente; la vraisemblance d‘une source arttrielle est soulignte, l’indication d’un saignement rtcidivant ou 
retard6 a 6tt observ6e deux fois. L’tvacuation chirurgicale des htmatomes a t t t  ntcessaire dans dix cas, sept 
impliquant une hemorragie de la fosse posterieure. I1 y eut trois morts, l’une diie A une hemorragie pulmonaire 
compliquant un htmatome sousdural soustentorial, une autre d8e ?I une htmorragie parenchymateuse 
centrale grave et une t r o i s i h e  en raison d’une htmorragie ctrtbelleuse post-optratoire Me a une coagulation 
intravasculaire disstminte. Trois survivants ont besoin d‘un valve dont deux en raison de l’agression a la 
naissance. Le devenir des fonctions neurologiques et intellectuelles depend davantage de I’asphyxie associte 
que du traumatisme lu i -mhe.  

ZUSAMMENFASSUNG 
Traumatische geburisbedingte inirakranieIle Bhtung 
In einem Zeitraum von sieben Jahren wurde bei 25 Fallen eine geburtsbedingte intrakranielle Blutung 
festgestellt. Die CT-scans zeigten verschiedene Ausdehnungen der tentoriellen Blutungen, die mit grol3er 
Wahrscheinlichkeit arteriellen Ursprungs waren. Eine recurrente oder verzogerte Blutung wurde zweimal 
nachgewiesen. Die chirurgische Ausraumung der Hamatome war in 10 Fallen erforderlich, bei sieben erfolgte 
die Blutung in die Fossa posterior. Drei Patienten starben, einer aufgrund einer pulmonalen Blutung bei 
einem subtentoriellen subduralen Hamatom, ein anderer durch eine schwere zentrale parenchymale Blutung 
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und ein dritter wegen einer postoperativen cerebellaren Blutung bei disseminierter intravaskularer 
Koagulation. Drei Uberlebende brauchen Ventile, zwei davon aufgrund einer Geburtsverletzung. Die spatere 
neurologische und intellektuelle Entwicklung wird mehr von der begleitenden Asphyxie als von dem Trauma 
bestimmt. 

RESUMEN 
Hemorragia intracraneal traumatica en el parto 
Se presentan veinticinco casos de hemarragia intracraneal debida a lesi6n en el parto La TAC cerebral 
mostr6 muchos trazos diferentes de extensi6n de hemorragia tentorial, probablemente de origen arterial. En 
dos veces se document6 una hemorragia recurrente o retardada. En 10 casos fue necesaria la evacuaci6n 
quirurgica de 10s hematomas, de 10s cuales siete eran hemorragias de la fosa posterior. Hubo cuatro 
defunciones, una debida a una hemorragia pulmonar complicando un hematoma subdural subtentorial, otro 
por una grave hemorragia parenquimatosa central y un tercer caso por una hemorragia cerebelosa 
posoperatoria debida a una coagulaci6n intravascular diseminada. Tres supervivientes llevan derivaci6n, de 
10s cuales dos por la lesi6n extraparto. El futuro neurol6gico y de la funci6n intelectual depende mas de la 
asfixia asociada que del trauma. 
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